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Introduction
As it is defined by Hart (2008) , informal (or shadow) economy is the collection of a set of economic activities that take place outside the framework of public and private sector bureaucratic establishments. Another definition by Ihrig and Moe (2004) defines it as a sector that produces legally produced goods and services without having to comply with government regulations. 1 Informal economy is often characterized as a highly labor-intensive sector, rather than a capital-intensive one, without access to the technological frontier in production (Matthews, 1983) . One explanation for this phenomenon is that the informal sector operates on a small scale in order to avoid government scrutiny. Accordingly, due to limitations on economies of scale, the informal sector produces with lower capital and higher labor intensity. Another explanation for the higher labor-intensity is due to the lower operational cost of labor in the imperfectly monitored informal sector. For instance, labor is cheaper in the informal sector than the formal sector since informal employers do not have to pay the minimum wage, severance payments or insurance premiums for their employees to the extent the formal employers do.
Since energy consumption is highly induced by capital intensity in production, considering the lower capital intensity of the informal sector, we expect that countries with larger informal sectors have lower levels of energy consumption. In this paper, we provide actual empirical evidence supporting this hypothesis that there is lower energy consumption per unit of output, in countries where the informal sector has a higher share in total production.
There is a vast empirical literature on energy consumption and its interaction with different major economic variables and indicators, e.g. with growth (Kraft and Kraft, 1978 ; Mahadevan and Asafu-Adjaye, 2007; Lee and Chang, 2008; Karanfil, 2008; Soytas and Sari, 2009; Payne, 2010) , GDP and income (Yu and Choi, 1985; Eden and Jin, 1992; Oh and Lee, 2004; Lee, 2005; Masih and Masih, 1996) . Among these papers, Karanfil (2008) deserves a special attention, as it is directly related to our paper. This paper argues that there is no significant correlation or causality between growth and energy consumption in Turkey when the presence of the informal sector is taken into account. Karanfil (2008) further argues that this result is in strong contrast with previous studies that have obtained a positive correlation between growth and energy consumption and might be due to a negative relationship between informality and energy consumption. Moreover, in two other recent related papers Oztunali (2014a, 2014b) show that, first for a cross-country panel and then for the Turkish economy, the relationship between several pollution indicators and the size of the informal sector is non-linear. In the former paper, they use cross-country panel data from 152 countries over the period from 1999 to 2009 and show that there is an inverse-U relationship between pollution indicators and informal sector size. In the latter paper, they obtain the same relationship using annual time-series data from the Turkish economy. As the pollution indicators are highly correlated with energy consumption, the findings of these two papers also shed light on our paper. Moreover, Biswas et al. (2012) and Mazhar and Elgin (2013) are also two related studies. In the former one, the authors argue that informal sector size is highly related to pollution levels that are one of the byproducts of energy consumption. A similar results is also obtained in the latter paper. Nevertheless, to the best of our knowledge, our paper is unique in the literature in investigating the relationship between energy consumption and informal sector size. We utilize an annual cross-country panel data set covering 159 countries over 33 year from 1980 to 2012 and we examine the relationship between the energy intensity, defined as total energy consumption as a percentage of GDP, and the size of the informal sector, similarly denoted as a percentage of GDP.
Our main findings in our empirical analysis are threefold: First, there is a significant negative relationship between energy consumption and the size of informal sector. While this negative relationship is robust for oil-importing, emerging, OECD, and G20 countries, it is not significant for G7 countries which tend to have smaller informal sectors. Second, the relationship between the size of the informal sector and energy consumption exhibits some evidence towards the presence of non-linearity. Specifically, countries with very high (31 countries; above 40%) and very low (35 countries; below 20%) levels of informality have a stronger relationship with energy consumption, whereas this relationship is relatively smaller in countries with medium levels of informality (78 countries; between 20% and 40%). Finally, we also show that the relationship between energy consumption and the size of the informal sector is asymmetric, specifically for G20 countries as well as countries that have informal sector size less than 20% of GDP. That is, for these countries an increase in the size of informality as www.economics-ejournal.org 3 conomics: The Open-Access, Open-Assessment E-Journal a percentage of GDP leads to less of a change in energy consumption compared to a decrease. Our results might be particularly useful for policy-makers in shaping their attempts to construct energy policies or to combat against the informal sector. Any policy tool designed to reduce informality or to forecast energy demand/consumption should take the negative association between informality and energy consumption into account. Furthermore, the presence of asymmetry and non-linearity should also not be overlooked when designing such policies.
The rest of the paper is organized as follows: In the next section, we shortly discuss a theoretical construct from which we obtain the empirical hypothesis we test in the subsequent sections. we introduce the data we are utilizing and the econometric methodology used for the estimations. In the third section, we provide results from our estimations in three subsections, namely linear estimations, non-linear estimations and analysis of asymmetry. Then, in section four, we provide a discussion of our results as well as present several policy implications. Finally, in the fifth section we conclude.
A Theoretical Discussion
In this section we shortly describe two different theoretical mechanisms on how informal sector size (as % of GDP) and energy consumption can be related to each other. To this end, we will highly utilize two different economic mechanisms provided by two papers, one by Dhawan et al. (2010) and yet another one by Elgin and Oztunali (2014a) . Dhawan et al. (2010) investigate (both from a theoretical and empirical perspective) the relationship between productivity and energy prices. To do so they develop a dynamic stochastic general equilibrium model in which energy is treated as an investment out of total income. At the same it is also used in production as an input along with labor and physical capital. In this setup, the energy is demanded by the producers to used as a factor of production and supplied by the households investment. We can safely extend this model by adding a second sector and therefore an additional production function representing informal sector production. Provided that the informal sector production is less energy intensive than the formal sector production function the negative association between energy consumption and informal sector size will be immediate. A larger informal sector, originating from a higher tendency of households to supply for labor in the www.economics-ejournal.orginformal sector, would increase informal sector size and reduce formal sector size. This will limit the income capacity of the economy thereby reducing energy investment. Moreover, since the informal sector is less energy intensive, at the same time it will also reduce total energy consumption of the economy.
Yet another economic mechanism can be developed through the extension of the dynamic general equilibrium model of Elgin and Oztunali (2014a) . In this model the authors construct a dynamic general equilibrium model to account for the inverted-U relationship between several pollution indicators and informal sector size as % of GDP. They model the informal sector as a highly labor intensive sector. (For the sake of simplicity they assume that the informal sector production function only employs labor but not physical capital). Oztunali (2014a, 2014b) argue that the non-linear relationship between informality and pollution might exist due to the existence of two different channels: On the one hand, a larger (smaller) informal sector is associated with lower (higher) capital intensity and therefore less (more) pollution but, on the other hand, a larger (smaller) informal sector can also be associated with more (less) pollution simply because the informal sector does not comply with most, if not all, of the government regulations including environmental regulations and standards. Accordingly, the first channel is called the scale effect of informality and the second one is denoted as the deregulation effect. In the case of pollution, for lower levels of informality, the deregulation effect dominates the scale effect; whereas for larger levels of informality the opposite is true. One can extend the same reasoning to energy consumption rather than pollution and argue that these two effects also exist in this context as well. Specifically, the deregulation effect in this case implies that a larger informal economy should be associated with a higher level of energy consumption as the energy consumers in the informal economy might tend to overuse energy as they operate in the shadows. 2 On the other hand, the scale effect implies that the informal sector size and energy consumption are negatively related to each other. This is again due to the fact that the capital use intensity 3 is lower in the informal sector which limits the energy consumption. Depending on the relative strengths of these two effects, one can obtain a positive or negative relationship between energy consumption and informal sector size as % of GDP.
Data and Methodology

Data
Although the literature on the informal sector and its interaction with economic variables is ever growing, one of the major challenges in documenting rigorous and consistent empirical results is due to the difficulties in the measurement of the actual size of informality. Majority of the earlier studies in the literature try to infer the size of informality by relying on country or region-specific design, thereby lacking consistency and comparability in their construction. Schneider et al. (2010) , and Schneider (2005) being the exceptions, employ the Multiple Indicators Multiple Causes (MIMIC) methodology to predict the size of informality, yet offer measures only for a limited window of time. Elgin and Oztunali (2012) introduce a model-based approach to the literature by inferring the size of informality from a two-sector dynamic general equilibrium model. By doing so, they offer a new panel data set on the size of the informal economy for a large set of countries. Contrary to the earlier literature, they build on microeconomic foundations in their calibration technique, and do not rely on ad-hoc econometric specifications in measuring the size of informality, hence succeed in limiting hazards in measurement error. 4 In this study, we utilize the annual cross-country informal sector estimates (measured as a share of the formal economy) by Elgin and Oztunali (2012) for a of using more capital in the informal sector relative to the formal sector such as possibly lower costs related to maintenance and equipment warranty. Nevertheless, micro-level studies on informality using firm-level data generally indicate that the capital intensity in the informal sector is much lower than in the formal sector. 4 To the best of our knowledge, the data set by Elgin and Oztunali (2012) offers the longest-horizon informality estimates in the literature, thereby providing us with the opportunity to capture the best time-series and cross-sectional variation.The only alternative is the dataset by Schneider, Buehn and Montenegro (2010) that reports estimates from 1999 to 2007. (So the time-series dimension is 9 for most countries and is 8 for some others in the dataset). Moreover, a recent paper by Elgin and Schneider (2016) provides a comprehensive comparison of both sets of estimates and finds out that the estimates are highly similar in levels. This paper also presents descriptive statistics as well as detailed calculations for selected countries. We refer the interested readers to this paper.
www.economics-ejournal.org 6 conomics: The Open-Access, Open-Assessment E-Journal panel of 159 countries between the years 1980 and 2012. We should also notice that these estimates are obtained on the assumption that the formal GDP does not include informal value-added. To proxy for measuring energy intensity, we use data provided by the U.S. Energy Information Administration (EIA) on annual energy consumption in million kilowatt hours as a percentage of GDP for the same 159 countries and sample period. Contrary to the informal sector data series, energy consumption series includes total energy consumption within an economy originating from both formal and informal sectors. Descriptive statistics of the variables of interest are displayed in Table 1 .
As displayed in Table 1 , the size of the informal sector is approximately one-third of real output in our data set, and its variation is considerable across countries: the standard deviation is more than one third of the mean value. While developed countries tend to have smaller sizes of the informal sector (as low as 7.97% for Switzerland in 2012), developing countries are observed to have very large informal sector sizes: in some instances, sizes even greater than 100% of their formal output. Energy intensity variable suggests approximately 14,400 thousand kilowatts of energy per unit of output is consumed in our panel data set, and the standard deviation of energy consumption per unit of output is above 100% of its mean value.
In order to investigate the relationship between energy intensity and the size of the informal sector in depth, we make use of 5 different mutually-inclusive categories, namely oil-importing economies, emerging economies, G20, G27, and OECD. By doing so, we factor in differences due to different governmental 5 As discussed, informal sector size is measured as a share of the formal sector (GDP) size, which is why the IS takes values higher than 100% in some cases, such as in Equatorial Guinea between 1982 and 1991. 6 We generate the energy intensity index as energy consumption in million kilowatts divided by total real GDP. The minimum value of zero is for Namibia in 1987, 1988 and 1989 due to is negligibly small energy consumption in these years.
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In addition to the aforementioned groups, we also categorize countries in five sub-groups according to their average informal sector sizes. This analysis allows us address and condition possible heterogeneities in the relationship of interest visa-vis the informal sector size. Descriptive statistics for different country groups categorized with respect to their average informal sector sizes is provided in Table  3 . Table 3 demonstrates that both energy intensity and the informal sector size varies considerably in first and second moments among sub-groups once countries once they are conditioned on the informal sector size.
By employing the described data set, we next turn to econometrical methods to explore the nature of the informal sector and energy intensity relationship. 7 In Section 3, we show that the significant negative relationship between the size of the informal sector and energy intensity is common to all country groups, even though with different elasticities, whereas the non-linearity and asymmetric nature of this relationship may not apply to all country groups. 8 Country groups are listed in detail in the appendix.
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Econometric Specifications
In our econometric specifications, we rely on panel-data techniques put forward by Baltagi and Wu (1999) . Although our data set is quite balanced in terms of the country-year observations, there are still some absent data points in our data set. Similar to Baltagi and Wu (1999), we address this issue by employing unequallyspaced cross-sectional time-series data regression models. Further, when the disturbance term is first-order autoregressive of order one, AR(1), the proposed method is applicable, and we apply this suitable technique in our estimations, as we detect first-order autoregressive persistence in the error terms by the use of the Wooldridge test. 9 
Linear Specification
We start our econometric hypothesis testing for the presence of a negative relationship between the size of the informal sector and energy intensity by employing a log-linear ordinary least squares (OLS) estimation. The baseline estimation can 9 As a robustness check and to capture persistence, potentially mean-reverting dynamics as well as endogeneity we also have run various regressions using the GMM estimator developed by Arellano and Bond (1991) where one-period lagged values of the regressors are used as instruments in the dynamic panel data setting. Estimation results in this case are qualitatively similar to the ones reported in the current paper and are available upon request from the corresponding author.
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where EI i,t stands for the energy intensity for the country i for year t. Similarly, IS i,t−1 stands for the size of the informal sector for country i for the year t − 1. We also control for the time-trend through to account for the global evolution of the size of the informal sector over time. In our estimations, we also include a country-fixed dummy variables to capture region-specific peculiarities. 10, 11 The Wooldridge test rejects the absence of autocorrelation for the error term, ε i,t , accordingly we specify the error term to follow the below stochastic process:
where |ρ| < 1 and z i,t are independent and identically distributed (i.i.d.) with mean 0 and variance σ 2 z . We use lagged values of the size of the informal sector so that the timing of the events could be interpreted as a causation between informality and energy intensity, i.e. the size of informality predicts energy intensity due to the timing of events, but not the other way around. 12 While taking first-order difference induces loss of information, in order to check for the robustness of our findings, we also make use of regressions from first-order log differences. The first-order differences of the variables of interest can be interpreted as their annual growth rates in percentage terms. 13 The model with the first-order logarithmic differences can be expressed as follows:
We use both level and first-difference specifications to investigate the relationship in different country groups, as well. First, we analyze the relationship within different country groups, such as OECD, G20, G7, emerging economy or oil-importing countries; then, we repeat the same exercise also for countries categorized in terms of their average informal sector sizes. This approach provides us with information about the robustness of the relationship in countries with different characteristics, especially in terms of rule of law, regulations and resources. Further, it helps us show if there are differences across countries in terms of power and significance of the relationship.
Non-Linear Specification
Our findings from both level and first-difference regressions suggest different coefficients for countries with different average sizes of informality over the years. Accordingly, we consider the possibility of a non-linear relationship between the variables of our interest. For this goal, we run the following panel-data regression:
In this estimation, whenever β 2 is significantly different from zero, the relationship to our interest suggests non-linearities, and depending on the magnitudes of the β 1 and the β 2 coefficients, convexities or concavities could arise.
Asymmetric Specification
We next test if there is an asymmetry in the relationship between the size of the informal economy and energy intensity. By distinguishing a decrease versus an increase in the size of the informal sector, we intend to detect possible differences between the reactions of energy intensity to the change in the size of the informal economy in response to a decrease versus an increase of equal magnitude. For this goal, we estimate the following regression:
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where D t−1 refers to a dummy variable taking the value of 1 when the size of the informal sector increases in period t − 1, and zero otherwise. Using this specification, we can detect if the linear relationship between the size of the informal sector and energy intensity displays asymmetry with respect to the direction of change in the size of the informal sector by focusing on the β 2 coefficient.
Results
Estimation Results with Linear Specification
In this section, we start by reporting our results from the benchmark linear specification. Table 4 displays the results from the level regressions employing the informal size and energy intensity variables, both expressed in their natural logarithms. In line with our expectations, we detect a negative and statistically significant relationship between the informal sector size and the energy intensity variables. The coefficient attached to the lagged informal sector size variable is significant for the whole data-set, as well as for all country sub-groups, except for the G7, which is a group of industrialized democracies (France, Germany, Italy, the United Kingdom, Japan, the United States, and Canada) with limited informal sector size and variability in informality. Notice that we run two regressions using the whole dataset one with informal sector and energy intensity and yet another one with GDP per-capita among independent variables to see whether another variable, like the natural logarithm of GDP per-capita (obtained from the Penn World Tables  8.1 ), plays a role in this relationship. However, it turns out that the estimated coefficient of GDP per-capita is not significant. This might be due to the fact that the already controlled lagged informal sector size and energy use intensity variables capture the variation coming from the variation in GDP per-capita. 14 conomics: The Open-Access, Open-Assessment E-Journal Noticeably, there is considerable variation in the immediate response of energy intensity to a change in the size of the informal sector. For instance, while a 1% increase in the size of the informal sector generates approximately a 0.13% immediate decrease in energy intensity in the emerging countries on average, the correspondent decrease for the G20 country group is as low as 5%.
In Table 5 , we report the results of the same econometric specification for country groups categorized in terms of their average informal sector sizes. The relationship is robust to different average informal sector sizes except for with limited country sizes, e.g. the country group with informal sector size greater than 50% of formal output, in which there are only 15 countries and issues considering non-linearity of the relationship is possible, which is addressed in the following estimations. IS and EI stand for informal sector size and energy intensity, respectively.
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In Table 6 , we report the results from our linear estimations with first-order differences employing all data-set and different country groups. The negative relationship between the size of the informality and energy intensity is significant and robust for the first-difference specification, except for the emerging economies, in which there is a high degree of heterogeneity in production structures and rule of law, thereby boosting the standard errors, and pushing the IS t−1 to the insignificant range. There is still considerable amount of heterogeneity across country groups and first-order estimations yield reasonable R 2 values, alleviating concerns on the unit-root problem in the variables of interest.
In Table 7 , we condition countries with respect to their average informal sector sizes as we do in Table 5 , and repeat our estimations by utilizing the logarithmic first differences instead of using logarithmic levels. The negative relationship is significant for 3 groups of countries which have average informal sector sizes as a share of formal GDP between 30% & 40%, 20% & 30% and lower than 20%. Negative relationship does not show up to be significant for countries with informal sector size higher than 50% and between 40% & 50%, again possibly due to considerable heterogeneity in these developing economies with substantial variations over time, thereby magnifying standard errors. Overall, these estimations promote the conclusion that the negative relationship is robust for country groups with different average informal sector sizes below 40% as a share of formal GDP.
Next, in order to check potential non-linearities, we turn to testing for quadratic implications of informality on the convexity and/or concavity on the relationship of our interest.
Non-Linear Estimation
In Table 8 and Table 9 , we report our results from the non-linear specifications described in Equation (4) . Estimated coefficients are significant only over all countries in the data; but, significant for sub-groups of countries. We interpret this findings as that sufficient number of observations, and accordingly variation is a necessary condition to detect a statistically significant non-linearity in the relationship between energy intensity and informality.
When we focus on the estimation results from the whole sample, the significant coefficients of the informal sector size, β 2 , and square of the informal sector size, β 3 are negative and positive, respectively. This finding indicates a Ushaped non-linear relationship between informality and energy intensity over all set of countries. For moderately low and very high levels of informal sector size, we detect high levels of energy intensity, whereas medium levels of informality corresponds to lower levels of energy intensity.
Based on our estimated coefficients, we quantify the levels of energy intensity over different levels of informal sector size and display the non-linear relationship in Figure 1 IS and EI stand for informal sector size and energy intensity, respectively. a decreasing rate and starts to increase with an increasing rate beyond a large threshold informal sector size of approximately 80%. As the size of the informal economy reaches 80%, further increases in the informal sector size actually amplifies energy intensity. We believe that the reported U-shaped relationship between informality and energy intensity occurs because of two competing forces that work in opposite directions. On one hand, as documented in the previous section, higher levels conomics: The Open-Access, Open-Assessment E-Journal of informal sector size leads to lower levels of energy usage, which is the main mechanism through which informality affects energy intensity. Because the informal sector has to operate on a small scale to avoid being inspected by the regulatory agencies, the informal sector tends to operate by relying less on capital and more on labor. As labor intensity typically coincides with lower levels of energy usage, an increase in the informal sector size is likely to lead to a lower level of energy intensity.
On the other hand, arguably the informal sector is able to evade costs associated with energy usage; and in some cases, it can even rely on illegally free energy in countries with limited rule of law, weak institutions and limited monitoring power. Accordingly, establishments in the informal sector in such economies may not have much incentive to rely on energy-efficient production, and could use energy abundantly at no or minor costs, as long as it enlarges total production. This mechanism could induce a positive relationship between the size of the informal sector and energy intensity. However, we believe this mechanism is not necessarily universal and is valid mostly for developing economies with high levels of informality. As these two competing forces work in opposite direction, the former impact dominates the latter for a wide span of informal sector size, and is only offset for considerably high levels of informality.
Next, we turn to investigating whether an increase and decrease of equal magnitude in informal sector size induces comparable reverse quantitative implications on energy intensity.
Analysis of Asymmetry
In this subsection, we present our results from the econometric specification (as described in Equation 5) to detect possible asymmetries in the relationship between the size of the informal economy and energy intensity.
In Table 10 , we report that for the whole sample the negative linear relationship between the size of the informal sector is robust and significant, and is not significantly asymmetric (vis-à-vis the sign of the change in the informal sector size) at the aggregate level. Further, our estimations reveal no significant asymmetry in the relationship of interest for country subgroups except for the G20 category. The relationship for the G20 group, however, suggests that energy intensity reacts differently to an upward versus a downward change in the size of informality. As β 2 is significantly greater than zero, we report that energy intensity responds less in magnitude to an increase in the informal sector size compared to a decrease of equal magnitude. 15 In Table 11 , we report the results of the same regression for country groups conditioned in terms of average size of the informal sector. The coefficient before the dummy variable is positive, and statistically significant only for the country group with average informal sector size below 20%. It is also worth-mentioning that out of the 35 countries, only 9 out of 19 the G20 countries fall into this category.
Overall, one can conclude that for developed countries with limited informality, the negative relationship between the size of the informal sector and energy intensity displays asymmetry, and suggests that a decrease in the informal sector size generates a higher impact compared to an increase of equal amount.
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Discussion of Results
As we have discussed in previous sections, we have three main findings in our empirical analysis: First, as estimations with level and first-order differences suggest, there is a significantly negative relationship between informal sector size and energy consumption. Moreover, this relationship is also robust to data stratification with respect to different sets of countries. Considering the fact that the informal sector, as opposed to the formal sector, is generally characterized as a highly labor-intensive sector (but not capital intensive), we believe that this result is not surprising, yet is critical to provide actual evidence to support consequential theoretical modeling.
Second, we also document that there is a non-linear relationship between informality and energy intensity. Low and high levels of informality correspond to higher levels of energy intensity whereas medium levels of informality corresponds to lower levels of energy intensity. However, the bottom U-relationship is estimated to be at very high levels of informality (80 % of GDP), which means that the negative relationship between informality and energy consumption also survives the check for non-linearity. As also explained thoroughly in the second section of our paper, for a similar relationship between informality and pollution indicators Oztunali (2014a, 2014b) argue that the non-linear relationship between informality and pollution might exist due to the existence of two different channels: Scale and deregulation effects of informality. In this paper, we do not provide actual empirical evidence in favour of the existence of these two forces in our context; however overall, these two mechanisms working in opposite directions might be the underlying causes behind the non-linearity we documented in our analysis. However, in our case, even though we observe some non-linearity in our regressions (at least for the whole dataset), the scale effect is much stronger; which is the main reason behind the dominating negative relationship between energy consumption and informal sector size.
Finally, we also show that there is an asymmetric relationship between informality and energy consumption for a group of countries. Our results suggest that energy consumption reacts less to an increase in informal sector size compared to an decrease so that a decrease in energy consumption boosts energy consumption as a percentage of GDP. This particular feature of the relationship between energy consumption and informality is true for countries with informal sector size lower than 20% of GDP and G20 countries.
Our results might be particularly useful for policy-makers in shaping their attempts to combat against informality. Any policy tool designed to reduce informality should take the negative association between informality and energy consumption into account. Moreover, the presence of asymmetry and non-linearity should not be overlooked when designing such policies. Specifically, attempt to reduce the informal sector size might have unwanted effects on energy con-sumption and if the energy supply is limited in the short-run, this can cause other problems when a government is trying to reduce informal sector size.
Similarly, policy makers that are concerned about energy consumption within an economy should also be concerned about the presence of the informal sector as well as its relationship with energy consumption. Specifically, the three main findings we outlined above also shed light on the design of energy policies. First, energy policy designers should take the negative association between informality and energy consumption into account, as varying informality might have profound effects on energy demand, as well as in energy prices. Particularly, our findings suggest that policies designed to reduce informality are likely to have a positive impact on energy demand, and accordingly this can create energy shortages or considerable increases in energy prices when supply is limited. Thus, countries that are combatting against the informal sector should take appropriate precautionary measures in energy infrastructure and energy policy design to fine-tune the energy demand.
Second, our results with respect to the non-linearity of the relationship imply that the elasticity of energy consumption with respect to the informal sector size changes with varying informality; which should not be overlooked when constructing energy policies. That is, decreasing and increasing informal sector size are not associated with the same level of a change in energy consumption. This result is particularly important in the development path of an economy when informal sector size experiences a transition from large to smaller levels. In other words, the energy policy designed to tackle the increasing energy demand as a result of decreasing the informal sector at a certain sector size is not likely to work again properly once the informal sector size changes.
Finally, for countries with smaller informal sector size, the asymmetric nature of the relationship should also be taken into account. That is, the effect of a reduction in informal sector size has a larger effect on energy demand compared to an increase. Therefore, policy makers of these countries should also design similarly asymmetric responses for energy policy.
Conclusion
In this paper, using annual cross-country panel data, we investigate the relationship between energy consumption and the size of the informal economy. Our results indicate that there is a significantly negative relationship between these two variables. Moreover, we also obtain some evidence for the presence of nonlinearity and asymmetry in this relationship.
We should indicate that our empirical findings are highly aggregate and a deeper empirical investigation is needed, especially at the microeconomic (firm or household) level. Moreover, a further analysis is also required on the theoretical side to understand the economic mechanism behind our empirical observations. A full-fledged theoretical model incorporating energy consumption as well as informality can be constructed to gain a deeper insight of our empirical analysis. These we leave for future research.
